Objective: Cryoablation of renal tumors adjacent to the ureter or pelvicalyceal system carries risks for thermal injury of the collecting system. Although cold antegrade perfusion has been described for radiofrequency ablation, warm saline perfusion for renal cryoablation has not been well-characterized. The purpose of this study was to determine the safety and feasibility of antegrade and retrograde warm saline perfusions during percutaneous renal cryoablation.
Introduction
In patients who are surgical candidates, partial nephrectomy is becoming the gold standard for the treatment of small renal masses (<4 cm). [1, 2] With the current trend toward minimally invasive surgery, these partial nephrectomies are now commonly performed through either laparoscopic or robotic approaches. [3, 4] However, in an aging population with increasing comorbidities, some patients are not surgical candidates and thermal ablation has been offered as an acceptable alternative. [5] Radiofrequency ablation (RFA) and cryoablation create sharply delineated areas of high or low temperature respectively, to induce tumor cell necrosis. Although thermal ablation has the advantage of being both a minimally-invasive and nephron-sparing approach, one complication of these techniques is thermal injury to the ureter or renal pelvis which may occur during the ablation of an adjacent tumor. [6] Ureteral stricture may occur in up to 25% of the cases during ablation of tumors within 1 cm of the ureter. [7] Previous studies have shown the efficacy of using either cold saline or 5% dextrose to perfuse the pelvicalyceal system during RFA to prevent thermal injuries. [8, 9] While there is only one study that reported the efficacy of retrograde warm pyeloperfusion during cryoablation, [10] no study has examined an antegrade approach. The objective of this study is to report the safety and efficacy of a clinical series of both antegrade and retrograde warm pyeloperfusion during cryoablation.
Material and methods
After institutional review board (ethics committee) approval, the medical records of 136 patients undergoing percutaneous renal cryoablation at a single tertiary center between 2009 and 2015 were retrospectively reviewed. Informed consent was waived due to the retrospective nature of the study. From this series, six patients underwent warm saline pyeloperfusion (3 antegrade, and 3 retrograde) for the protection of the collecting system during percutaneous cryoablation. In our institution cryoablation is used in patients that are not surgical candidates due to limiting comorbidities, tumor location, or in rare cases, patient preference. The indication for warming pyeloperfusion was an intraprocedural renal mass less than 15 mm away from the ureter/ ureteropelvic junction (UPJ).
Patient demographics, tumor size and tumor location were reported according to pre-procedural computed tomography (CT) imaging. Procedure time and estimated blood loss were recorded and serum creatinine changes were determined the day after the procedure. Complications were graded according to the ClavienDindo classification system and were further divided into minor (Clavien I and II) and major (Clavien III-V) complications. [11] Failure of urothelial preservation was defined as the appearance of ureteral stricture or hydronephrosis during follow-up cross sectional imaging. Residual or recurrent tumor presence was defined as any enhancing renal mass on follow-up imaging. The protocol for follow-up included an initial CT scan or magnetic resonance imaging with and without contrast at 3 months to evaluate for complete ablation of the tumor. If the imaging showed complete ablation without hydronephrosis, and the pathology revealed a grade 1 or 2 tumor, repeat imaging was performed at postprocedural 6 months. If this second imaging study was normal further follow-up was performed at yearly intervals. If cross-sectional imaging revealed questionable enhancement or other abnormality, or if the tumor was of high grade, more frequent imaging procedures were performed.
Percutaneous cryoablation was performed in standard fashion under IV moderate sedation by a team consisting of a fellowship-trained interventional radiologist (JCS) and an endourologist (DDB), using the Endocare TM system under CT guidance (Endocare TM Inc., Irvine, CA, USA). [12] Two 10-minute freeze cycles were applied separated by an 8 minute passive thaw cycle. Imaging was taken at 5-minute intervals to monitor the iceball formation with the goal of ensuring that lethal ice covered the tumor while preserving the ureter.
Antegrade pyeloperfusion was performed under intermittent CT guidance by placement of either a 20-or 21-gauge Chiba needle (Cook Medical Inc., Bloomington, IN, USA) into a suitable posterior calyx or the renal pelvis. Upon aspiration of urine, the Chiba needle was then exchanged with an inner 4 Fr sheath of a non-vascular introducer set over a Cope Mandril wire (Cook Medical Inc., Bloomington, IN, USA). Next, the tip was placed in the pelvicalyceal system and the external portion of the catheter was secured to the flank.
One liter normal saline IV bags were heated in a microwave until they were warm to touch and could be held without discomfort (approximately 38-40 degrees C). The warmed saline was then hung 1.5 meters above the patient and perfused by continuous gravity drainage into the renal collecting system while the cryoablation probes were in use ( Figure 1a ). One case of antegrade pyeloperfusion required manual injection of warm saline after it was noted at the end of the first freeze cycle that the catheter had frozen shut. The catheter was recanalized during the thaw cycle, the gravity drip was discontinued and warm saline was subsequently injected manually.
Retrograde pyeloperfusion was conducted using a 6 Fr openended catheter placed inside the ureter to instill warm saline to the proximal collecting system (Figures 1b and c) . The stent was placed cystoscopically in the CT suite in one patient, and using fluoroscopy prior to entering the CT suite in 2 patients. Warm saline was injected continuously before and during the use of the cryoablation probes and a Foley catheter was placed in both patient groups. Since the urinary collecting system was entered during pyeloperfusion, empiric broad-spectrum prophylactic antibiotics were routinely administered.
Statistical analysis
The patients were divided into two groups according to the technique of pyeloperfusion (antegrade vs. retrograde). Statistical analysis was performed using the Student's t-test for continuous variables and Fisher's exact test for categorical variables. Statistical Package for the Social Sciences Statistics (IBM SPSS, Armonk, NY, USA) was used for statistical analysis with p<0.05 considered statistically significant.
Results
Six patients underwent pyeloperfusion during percutaneous cryoablation. Four patients were male and 2 were female. Patient demographics and tumor characteristics are reported in Table 1 . Intra-procedurally the median tumor size was 3.1 cm (2.1-3.9 cm) and median distance from the tumor to the ureter/ ureteropelvic junction (UPJ) region was 6.8 mm (0.8-11.5 mm). Three patients underwent antegrade and three patients retrograde pyeloperfusions. Median procedural time for all patients 143 was 3 hours and 13 minutes. Comparison of the mean procedural times between the retrograde and antegrade groups revealed no significant difference (p=0.98). Serum creatinine increased by a mean of 13% on the day following the procedure, but returned to baseline levels by 4 months follow-up. There were no intra-procedural complications, no significant blood loss was noted and no transfusion was required (Table 2 ). There was no statistical difference in the length of hospital stay between the two groups (p=0.23).
None of the patients developed tumor recurrence at an average follow-up of 37. 3 months (7-65) ( Table 1 ). Histopathological evaluation of the masses showed renal cell carcinoma (RCC) in 5 and oncocytoma in 1 patient (Table 2 ). There were two postprocedural complications, including one patient who suffered a self-limited urine leak at the site of the antegrade perfusion (Clavien I), which was managed expectantly and resolved on postprocedure day 1. The second complication occurred in a patient who suffered a pulmonary embolism the day following surgery (Clavien II), and was discharged after 5 days of anticoagulation therapy. There was no statistical difference between the complication rates in those who underwent antegrade versus retrograde pyeloperfusion (p=1.0). Follow-up imaging confirmed that no patients developed ureteral strictures or hydronephrosis.
Discussion
An aging population and a rising incidence of RCC in recent years have served as the impetus for further development of minimally invasive therapies. [13] Partial nephrectomy is the cur- rent standard of care for healthy patients with small renal masses (<4 cm), while percutaneous thermal ablation is utilized in patients who are not surgical candidates. [1, 2, 5] As the prevalence of obesity and comorbidities increases, ablative technologies are increasingly utilized. [14] Techniques that spare the urinary collecting system could expand the applications and improve the safety of ablative technologies. [15] In a multi-institutional review by Johnson and associates, the complication rate following ablation of small renal masses was 11.1%. [16] In addition, close proximity of the tumor to the ureter is considered a relative contraindication for ablation of renal masses due to the concern of thermal urothelial injury. [5] Gervais et al. [7] showed that RFA of renal masses within 1 cm of the ureter have the greatest risk of ureteral stricture (25%), although masses within 1-2 cm are still at a 10% risk for injury. Compared to RFA, effects of cold temperature on the ureter have not been as well classified, but in a canine model, direct cryoablation of the ureter caused stricture and obstruction. [17] Clinical cases of ureteral stricture after renal cryoablation have been also reported, and indicated that ureteral damage is a serious complication of cryoablation of renal masses. [18] To reduce the incidence of ureteral stricture in cryoablation of renal masses in close proximity to the collecting system, three previous strategies have been employed. Froemming et al. [19] reported the use of a manual retraction technique in three patients, in which a cryoprobe was fixed to the tumor with a small ice ball. The probe was then used to gently manipulate the tumor away from the ureter. One drawback to this approach was that the surgeon has to keep his hand on the probe throughout the cryoablation to maintain retraction, and during CT monitoring of iceball formation. A second technique that has been reported is hydrodisplacement to move the ureter away from the ablation site. There is minimal data supporting this method as only a single case has been reported in the literature. [20] Pyeloperfusion, a technique of infusing saline into the ureter, is the third option reported for protecting the renal collecting system during thermal ablation. In 2002, the principle of pyeloperfusion was firstly demonstrated during partial nephrectomy to achieve renal parenchymal hypothermia by the retrograde instillation of cold saline. [21] Subsequently, Schultze et al. [22] successfully adapted cold pyeloperfusion to protect the ureter during a single case of radiofrequency ablation of RCC. Similarly, Cantwell et al. [8] prospectively demonstrated similar results using retrograde injection of chilled 5% dextrose solution.
Whereas cold solutions are infused during RFA, Wah et al. [10] recently reported the safety and efficacy of retrograde perfusion of warm (36-38°C) saline (200-300 cc) during renal cryoablation (n=5). Despite the trial's success, only retrograde pyeloperfusion was examined. In contrast, our study is the first to report the efficacy of antegrade warm pyeloperfusion.
Through physical contact with tissue, the freezing cryoablation probe removes heat via conduction. The extent of cellular injury caused by cryoablation is governed by four factors: rate of freezing, target temperature, time at target temperature and rate of thawing. [23] When tissues are rapidly frozen, intracellular ice crystals form, disrupting normal organelle and plasma membranes and causing immediate necrosis. With slower freezing, less intracellular water is trapped within the cell and fewer lethal intracellular ice crystals form. Even though the cell may dehydrate and shrink, upon returning to normal body temperature, the cell rehydrates and has a greater chance of survival than cells in which intracellular crystals had formed. The rationale behind the perfusion of warm saline is that it might prevent damage to the ureter by slowing the rate of freezing, thus decreasing the amount of intracellular ice crystals that form and decreasing the time that the urothelial tissue spends at the target temperature. One theoretical drawback to warm pyeloperfusion is that tumors immediately adjacent to the ureter may receive potential protection from the cold probe, though this has not been reported to date. [10] Functionally, antegrade pyeloperfusion can be performed in the CT suite which does not require fluoroscopy, patient repositioning or any additional procedures, making it an efficient and valuable addition to the standard protocol of percutaneous cryoablation. In addition, patients who have urethral stricture or who have undergone urinary diversion are not candidates for retrograde pyeloperfusion. In these patients, as well as those in which localization of the ureteral orifice is difficult due to an orthotopic bladder or reimplanted ureter, antegrade pyeloperfusion provides a useful alternative method for warm saline pyeloperfusion. These factors, as well as physician's preference and equipment availability, are likely key determinants in deciding to use antegrade versus retrograde perfusion.
It is important to note that in our study, the indication for warm pyeloperfusion was determined based on the proximity of the tumor to the pelvicalyceal system as determined intra-procedurally. Compared to the pre-ablation scans taken in the supine position, it was noted that distances decreased between the tumor and the pelvicalyceal system in all patients when they were positioned prone for ablation. Whereas distances that ranged from 6 to 20 mm on the preablation scan decreased to 0.8 to 11.5 mm when measured intra-procedurally which indicates that the intraprocedural distance must be considered when deciding whether pyeloperfusion is indicated. In patients whose preablation scans did not indicate the need for pyeloperfusion, but the tumor had shifted closer to the ureter/UPJ region on intra-procedural scans, antegrade perfusion was preferred to retrograde perfusion out of convenience, due to the patient's prone positioning.
In our series, urine leak was reported in one patient in the antegrade pyeloperfusion group. Urinary extravasation noted on intra-procedurally performed imaging, was asymptomatic, and the patient was discharged with unchanged creatinine levels on postprocedural day 1. A single patient in the retrograde pyeloperfusion group developed a pulmonary embolism in the absence of deep vein thrombosis. The incidence rates of pulmonary embolism as a complication of percutaneous renal tumor ablation were 3% and 0.5% in two prior clinical series. [24, 25] This particular patient had a BMI of 34.7 kg/m 2 that may have contributed to the risk for embolus formation. This was likely unrelated to the pyeloperfusion performed during the cryoablation procedure.
One inherent limitation to this study is that it was a retrospective trial, which is subject to all the limitations of a retrospective analysis. Additionally, the number of patients undergoing pyeloperfusion is modest and larger prospective trials will be required to confirm the findings of our study. In addition, this trial was performed using a team consisting of an interventional radiologist highly skilled in percutaneous access and an endourologist highly skilled in retrograde stent placement. It is possible that surgeons in other centers may not achieve equal success with both techniques. The data from this study show that there is no difference in the complication rates between antegrade and retrograde pyeloperfusion, indicating that both are efficacious options for use during cryoablation.
In conclusion, this study demonstrates that antegrade or retrograde warm saline pyeloperfusion is both effective ways of protecting the collecting system and should be considered during percutaneous cryoablation of renal masses in close proximity to the ureter. Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Loma Linda University.
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